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C BY-NC-Abstract Cervical vertebrae morphology has been used as a biological indicator for assessing skel-
etal maturation in orthodontic patients, while chronologic age is considered a poor indicator of
adolescent development. The objective of the study was to investigate the relationship between
the chronologic age and maturation of cervical vertebra. The study sample was 214 patients (104
males and 110 females) in the age range of 7–17 years (mean age 12.31 ± 2.9). The Baccetti mod-
iﬁed version of CVS (Stage I–VI) was used in the study. The cervical vertebral stages depend on
morphological evaluation of three cervical vertebrae (C2, C3, and C4). The spearman rank corre-
lation between chronologic age and cervical vertebral maturation stages was 0.864 (P< 0.001).
CVS method is more predictable than chronological age alone in the establishment of appropriate
timing and types of orthodontic treatment.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Pre-pubertal growth period is the best time to start the orthope-
dic treatment of skeletal malocclusions, because it is a favorable
phase for craniofacial alterations. However, the optimal timing
for dento-skeletal orthopedic is linked to the identiﬁcation of2, Saudi Arabia. Tel.: +966 1
+966 1 4190883.
lailabaidas2003@yahoo.com.
y. Production and hosting by
Saud University.
lsevier
ND license.the period of accelerated or intense growth that can contribute
signiﬁcantly to the correction of skeletal discrepancy in a
patient (Baccetti et al., 2002, 2005). The identiﬁcation of the
adolescent growth spurt in the individual patient entails partic-
ular clinical signiﬁcance in the treatment protocols for a wide
variety of dento-skeletal disharmonies (Lamparski, 1972;
Profﬁt, 2002). During growth every bone goes through a series
of changes, and the sequence of changes is relatively constant
for a given bone in every person but the timing of changes var-
ies from person to another according to his/her own biological
clock (Shamsher and Ijaz, 2005). Previous studies have demon-
strated that there is a wide variation in the timing and amount
of physical growth between individuals at the beginning of
adolescence (Simmons and Greulich, 1943; Tanner, 1962) for
this reason the physical maturity has been researched in prefer-
ence to chronological age for the evaluation of individual
development.
Several skeletal maturity indicators have become available,
and it has been used in a large number of investigations in
22 L. Baidasdentofacial orthopedics: sexual maturity (Meredith, 1967), cal-
ciﬁcation stages of individual teeth (Lewis, 1991), increases in
statural height (Ha¨gg and Pancherz, 1988; Hansen et al., 1991;
O¨mblus et al., 1997), hand and wrist maturation (Mitani and
Fukazawa, 1986; Kopecky and Fishman, 1993; Tulloch
et al., 1997; Keeling et al., 1998) cervical vertebral maturation
(O’Brien et al., 2003; Faltin et al., 2003; Franchi et al., 1999;
Baccetti et al., 2001).
Many researchers indicated that chronological age is not a
reliable indicator to evaluate the maturity status of a child
(Hunter, 1966; Houston, 1979; Baccetti et al., 2002). Although
chronological age is commonly used to determine a patient’s po-
sition on his/her growth track, it does not specify the difference
in timing, duration, and extent of adolescence between the sexes
and among the individuals within the same sex. As such, the
maturity status of a child is best estimated relative to speciﬁc
stages of physiologic maturity (Demirjian et al., 1985). Physio-
logic age is estimated by the maturation of one or more tissue
systems, and it is best expressed in terms of each system studied.
Physiologic age can be estimated by somatic, sexual, skeletal,
and dentalmaturity (Moorrees et al., 1963).When physiological
age is used instead of chronological age, the prediction of
growth potential of the patient becomes more individualized
(Basaran et al., 2007). At any given chronological age children
differ in their physical maturity, one may be skeletally acceler-
ated or delayed in terms of maturational development (Flores
et al., 2006). It has been shown by Hassel and Farman (1995)
that the growth prediction by assessing maturational develop-
ment rather than chronologic age can greatly increase the accu-
racy of prediction by signiﬁcantly reducing much physiologic
variability among children of the same chronologic age.
Recently, the evaluation of changes in size and shape of the
cervical vertebrae in growing subjects using lateral cephalo-
metric radiograph has gained increased interest as a biological
indicator of individual skeletal maturity. It is well known that
the morphology of the cervical vertebral bodies changes with
growth, and the skeletal maturity can be evaluated by deter-
mining the cervical vertebral bone age from the lateral cepha-
logram (Mito et al., 2002, 2003). The relation of cervical
vertebral maturation with skeletal maturation has been estab-
lished (Hassel and Farman, 1995; Baccetti et al., 2005; Flores
et al., 2006; Uysal et al., 2006; AL-Hadlaq et al., 2007a). In
addition, the relation of cervical vertebral maturation with
peak growth in the mandible has been documented (Franchi
et al., 2000b; Baccetti et al., 2002). Few studies investigate
the relation of chronologic age and changes in the morphology
of cervical vertebrae in adolescents (Baccetti et al., 2006; Uysal
et al., 2006; Ghulam et al., 2010). The aim of this study was to
investigate the relationship between chronologic age and mat-
uration of cervical vertebrae in male and female Saudi subjects,
as well as to ﬁnd the gender dimorphism of chronological age
in each cervical maturational stage.
2. Material and methods
This descriptive study was designed as a cross-sectional re-
search project. The sample was obtained from initial records
of patients attending the orthodontic clinic of the college of
Dentistry, King Saud University, Riyadh, Saudi Arabia.
Two hundred and fourteen patients were involved with an
age range from 7 years to 17 years (110 female, 104 male).The chronological age was recorded according to the actual
date of birth conﬁrmed by the parents. The selection criteria
included Saudi ethnicity, good nutrition without serious ill-
ness, normal growth and development, no previous trauma
or injury to the face region, no congenital or acquired malfor-
mation of the cervical vertebrae, and no developmental alter-
ation due to medical syndrome or hormone disorders.
All lateral cephalometric radiographs were taken on the
same machine using identical source subject and subject-ﬁlm
distances. Radiographs of high clarity and good contrast were
used. Any radiograph that had poor contrast was discarded.
Since relative measurement and not absolute measurement
was used in the study, magniﬁcation was of minimal concern.
All assessments were performed in a darkened room with a
radiographic illuminator to ensure contrast enhancement of
the bone images. The tracings of the ﬁlms were done using
4H lead pencil and 0.003-inch matte acetate tracing paper. In
the lateral cephalograms, three parts of the cervical vertebrae
were traced; these entities include the dens odontoid process
C2, body of the third cervical vertebrae C3, and the body of
the fourth cervical vertebrae C4.
Lateral cephalogram was assessed for skeletal maturation
according to the recently improved version of the Cervical Ver-
tebral Maturation (CVM) method (Baccetti et al., 2005). The
CVM method depends on the anatomical changes of three
cervical vertebrae (C2, C3, and C4), which were evaluated con-
cerning two sets of variables: (1) the presence or absence of a
concavity at the inferior border of the C2 (odontoid process),
C3, and C4; and (2) the differences in the shape of the body of
cervical vertebrae with the progressive ages, where four shapes
were considered, namely trapezoid, rectangular horizontal,
square, and rectangular vertical. These two variables were sub-
divided into six consecutive stages in cervical maturation (CS1
to CS6), Table 1. The cervical maturational stages were rated
without knowing chronological ages.
2.1. Statistical analysis
All statistical analysis was performed with software package of
SPSS (Version 16, SPSS Inc., Chicago, IL, USA). To assess in-
tra-examiner reliability, the Spearman Brown formula was
used. The cervical vertebrae of 30 randomly selected subjects
were rated by the same orthodontist, 2 weeks after the initial
ratings.
Descriptive statistics were obtained by calculating the chro-
nologic ages for the 6 stages of the cervical vertebrae, skeletal
maturity indicators for the whole sample, as well as for male
and female subjects separately. The Spearman rank order cor-
relation coefﬁcient was used to judge the strength of the rela-
tionship between chronologic age and cervical vertebrae
maturation stages. Sex dimorphism was analyzed by the inde-
pendent t-paired test. P-value equal to or less than 0.05 was
taken as statistically signiﬁcant
3. Results
The intra-examiner reliability of all assessments was good,
with high coefﬁcient values. The coefﬁcient ranges of reliability
were between 0.9 and 0.955. This cross-sectional study was
conducted on totally 214 orthodontic patients, comprising of
104 males and 110 females. Table 2 showed the most frequent
Table 1 The six stages of cervical vertebral maturation are deﬁned as follows.
Cervical
stage 1
(CS 1) The lower borders of all the three vertebrae are ﬂat. The bodies of both C3
and C4 are trapezoid in shape. the peak in mandibular growth will occur not
earlier than two years after this stage
Cervical
stage 2
(CS 2) Concavity at the lower borders of both C2 is present. The bodies of C3 and C4
are still trapezoid in shape. the peak in mandibular growth will occur on
average one year after this stage
Cervical
stage 3
(CS 3) Concavities at the lower borders of C2, and C3 are present. The bodies of both
C3, C4 are either trapezoid or rectangular horizontal in shape. the peak in
mandibular growth will occur during one year after this stage
Cervical
stage 4
(CS 4) The concavities at the lower borders of C2, C3, and C4 are still present. The
body of C3 and C4 are rectangular horizontal in shape. the peak in
mandibular growth has occurred within one or two years before this stage
Cervical
stage 5
(CS 5) The concavities at the lower borders of C2, C3, and C4 still are evident. At
least one of the bodies of C3 and C4 is square in shape. If not squared, the
body of the other cervical vertebra is rectangular horizontal. The peak in
mandibular growth has occurred not later than one year before this stage
Cervical
stage 6
(CS 6) The concavities at the lower borders of C2, C3, and C4 still are evident. The
bodies of C3 and C4 are rectangular vertical in shape. The peak in mandibular
growth has ended at least 2 years before this stage
Table 2 Sample distribution according to cervical vertebrae stages in males and females.
Maturational stage Males Female Total
n % n % n %
CS 1 21 20.2 19 17.3 40 18.7
CS 2 19 18.3 15 13.6 34 15.9
CS 3 19 18.3 20 18.2 39 18.2
CS 4 17 16.3 19 17.3 36 16.8
CS 5 16 15.4 20 18.2 36 16.8
CS 6 12 11.5 17 15.4 29 13.6
Total 104 100 110 100 214 100
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most frequent stages were stages 3 and 5 (18.2%), stages 1 and
4 (17.3%), followed by stages 6 and 2 (15.4%, 13.6%, respec-
tively) however in males were most frequently in stages 1
(20.2%), 2 and 3 (18.3%), followed by stages 4, 5, and 6
(16.3%, 15.4%, and 11.5%, respectively).
The mean age of the Saudi subjects were 12.31 ± 2.9 years
(12.82 ± 3.01 years for male, 11.83 ± 2.73 years for females)
as shown in Fig. 1. Distribution of patients according toFigure 1 Age distribution by percentage (no = 214).age in each cervical vertebral maturation stage is shown in
Table 3. CS 1wasmost frequent in 7–9 years, CS 2 in 9–12 years,
CS 3 in 11–13 years, CS 4 in 12–14 years, CS 5 in 14–15 years,
and CS 6 was the most frequent in 16–17 years. The spearman
rank order correlation between chronologic age and cervical
vertebrae maturation stages was 0.864 for the sexes combined,
it was statistically signiﬁcant at (P< 0.001).
Frequency distribution of female and male patients sepa-
rately according to age in each cervical vertebra maturation
stage is shown in Table 4. In female subjects, the mean chrono-
logical age in CS 1was (7.9 ± 0.9 years), CS 2 (9.5 ± 0.8 years),
CS 3 (11.7 ± 1.34 years), CS 4 (12.32 ± 0.95 years), CS 5
(14.15 ± 0.93 years), andCS6 (15.18 ± 1.6 years). Inmale sub-
jects, CS 1 was most frequent in (8.81 ± 1.4), CS 2 (11.21
± 2 years), CS 3 (12.68 ± 1.5 years), CS 4 (14.12 ± 1.2 years),
CS 5 (15.88 ± 1 years), and CS 6 (16.67 ± 0.5 years). Statisti-
cally signiﬁcant correlations (P< 0.001) were also found
between chronological age and cervical vertebrae maturation
for the female and male subjects; 0.903 and 0.896 respectively.
The gender dimorphism of the chronological age in each
cervical vertebrae maturation and its difference in each stage
is shown in Fig. 2, Table 5. The females were more advanced
than males in each stage and the mean chronological age of fe-
males in each cervical vertebral maturation stage was less than
male subjects (Fig. 2). The major differences in mean age in
Figure 2 Gender difference within chronological age in cervical
vertebral maturational stages.
Table 3 Sample distribution of chronological ages among skeletal maturational stages. Correlation between chronological age and
Cervical vertebrae stages in whole sample.
Cervical vertebrae stages Chronological ages (y) Correlations (chronological ages and cervical vertebrae stages)
7 8 9 10 11 12 13 14 15 16 17 r Sig
CS 1 14 8 10 5 3 0.864 *
CS 2 3 10 7 5 5 1 2 1
CS 3 1 3 10 8 11 4 1 1
CS 4 1 2 7 15 6 1 4
CS 5 1 3 10 12 4 6
CS 6 4 3 10 12
r, Spearman correlation coefﬁcient.
* P< 0.001 (highly signiﬁcant).
Table 4 Sample distribution of chronological ages among skeletal maturational stages in females and males separately. Correlation
between chronological age and cervical vertebrae stages for each gender.
Cervical
vertebrae stages
Chronological ages (y) Correlations (chronological ages and
cervical vertebrae stage)
7 8 9 10 11 12 13 14 15 16 17 r Sig
CS 1 F 8 6 4 1 0.903 **
CS 2 F 1 8 4 2
CS 3 F 1 2 7 4 4 2
CS 4 F 1 2 7 8 1
CS 5 F 1 3 9 6 1
CS 6 F 4 3 6 4
CS 1 M 6 2 6 4 3 0.896 **
CS 2 M 2 2 3 3 5 1 2 1
CS 3 M 1 3 4 7 2 1 1
CS 4 M 7 5 1 4
CS 5 M 1 6 3 6
CS 6 M 4 8
r, Spearman correlation coefﬁcient; F, female; M, male.
* P< 0.001 (highly signiﬁcant).
24 L. Baidasboth the genders were statistically signiﬁcant in all CS stages.
The mean differences in chronological age in males and fe-
males were 1.4 years.
4. Discussion
It has been known from previous studies, that chronological
age is considered a poor indicator for estimating the degreeof skeletal maturity due to signiﬁcant individual growth varia-
tions among children of the chronological age (Simmons and
Greulich, 1943; Tanner, 1962; Ha¨gg and Pancherz, 1988). In
recent years the cervical vertebrae maturational method has
demonstrated the validity and the ability to detect somatic
maturation with special regard to mandibular maturity, which
is of great importance in dentofacial orthopedics (Baccetti
et al., 2002, 2005; Franchi et al., 2000b; Franchi and Baccetti,
2000a). This has contributed to the increasing popularity of
this approach. The predication of the time and the amount
of active growth is an important issue in patients with skeletal
discrepancies.
Baccetti et al., 2005 modiﬁed the original Hassel and Far-
man CVM method. This method was adopted in the present
study because of its wide utilization in the current literature
and the demonstrated applicability for several populations.
Sierra (1987) found that the relationships between chrono-
logic age and skeletal age assessment proved to have relatively
high correlation (0.58–0.71). In present study, the correlation
between chronologic age and skeletal maturation assessed by
the cervical vertebrae method was 0.864, a high correlation
was also found in both sexes, although it was signiﬁcantly bet-
ter for females (0.903) than males (0.896). The present study
Table 5 Mean age difference in both gender in cervical maturational stages.
Stages Gender No. Mean ages Mean diﬀerence P-value 95% Conﬁdence interval of the diﬀerence
Lower Upper
CS 1 Male 21 8.81 ± 1.436 0.915 0.024 0.130 1.700
Female 19 7.89 ± 0.937
CS 2 Male 19 11.21 ± 1.988 1.744 0.003 0.625 2.862
Female 15 9.47 ± 0.834
CS 3 Male 19 12.68 ± 1.455 0.984 0.034 0.077 1.892
Female 20 11.70 ± 1.342
CS 4 Male 17 14.12 ± 1.219 1.802 0.000 1.067 2.537
Female 19 12.32 ± 0.946
CS 5 Male 16 15.88 ± 1.025 1.725 0.000 1.061 2.389
Female 20 14.15 ± 0.933
CS 6 Male 12 16.67 ± 0.492 1.490 0.004 0.512 2.468
Female 17 15.18 ± 1.590
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(r-value = 0.86, 0.8, respectively), but it is higher than those
reported by Sierra (1987), Uysal et al. (2006) (0.72 and 0.79),
and Ghulam et al. (2010) (0.690). The differences reported
can be attributed to differential racial backgrounds, environ-
mental conditions, and research methodology associated with
the sample size and sample distribution. The high correlation
values observed between CS stages and the chronological age
implies valuable clinical reliability in the use of cervical stages
in estimating the skeletal maturity level and predicting the
pubertal growth peak in Saudi subjects. However, wide varia-
tions in chronological age for different maturity levels suggest
that chronological age is a poor indicator of maturity. At the
same time the validity and reliability of cervical stages method
had been proved in different ethnic groups (Baccetti et al.,
2002, 2005; Uysal et al., 2006; Al-Hadlaq et al., 2007b).
Regarding gender, it is an important factor which inﬂuences
the timing of adolescent growth spurt (Tanner, 1962). The fe-
males are more advanced than males in skeletal maturation,
and it is supported by previous studies of (Tanner, 1962; Nan-
da, 1955; Bowden, 1971; Hunter, 1966). The result of the pres-
ent study showed a difference of 1.4 years in males and females
in attaining the same level of maturation in Saudi subjects.
Ghulam et al. (2010) and Shamsher and Ijaz (2005) docu-
mented 1-to-1.2 year’s difference in Pakistani population.
Hunter (1966) stated that girls were more advanced by an aver-
age of 2.4 years than boys at the onset of the puberty, with a
mean age value of 12.8 years for boys and 10.4 for girls. How-
ever the present study showed 13.4 years for boys and 12 years
for girls with a mean difference of 1.4 years. The outcome of
the result suggests that the Saudi subjects were late in attaining
skeletal maturity stages. The appearance of a deﬁnite concav-
ity of the second vertebral body from the lateral cephalometric
radiograph, indicating the beginning of the rapid growth per-
iod is approaching, that is, the year of the peak will start
approximately one year after this stage, CS2 stage is closely re-
lated to the age of accelerating growth velocity (Baccetti et al.,
2002). The present study showed the concavity of C2 presents
at mean chronological age of 11.21 ± 1.99 years in males and
9.47 ± 0.83 years in females, which were more advanced than
other studies (Ghulam et al., 2010). The appearance of a visible
concavity at lower border of C3 identiﬁes the stage immedi-
ately preceding the peak of growth (Baccetti et al., 2005). In
present study it occurred at 12.68 ± 1.5 years in boys and
11.7 ± 1.3 years in girls. CS3 represents the ideal time to startfunctional jaw orthopedics, as the peak in mandibular growth
will occur between CS3 and CS4 (Baccetti et al., 2005).
These ﬁndings indicate that, in subjects of Saudi origin, the
cervical vertebrae stages method can be used as a maturity
indicator of the pubertal growth spurt with a degree of conﬁ-
dence, better than chronological age. It is appropriate to use
the cervical vertebrae skeletal maturation method in daily
orthodontic diagnostic practice when treating Saudi patients.
Further studies are inevitable by increasing the sample size
and by improving the sample distribution among the gender.
The more representative sample will help to establish distinct
maturity standards for the Saudi population.
5. Conclusion
Regarding the relationships of chronologic age with cervical
vertebrae in 214 Saudi subjects, the following general conclu-
sions can be drawn.
1. The most frequent cervical vertebrae stages in females were
3 and 5 (18.2%), and in males 1 (20.2%), and 2 and 3
(18.3%).
2. A high correlation coefﬁcient was found between chrono-
logic age and cervical vertebrae skeletal maturation. A high
correlation was also found in both sexes, although it was
signiﬁcantly better for females.
3. The wide variation in chronological age for different matu-
rity levels suggests that chronological age is a poor indica-
tor of maturity.
4. Skeletal maturity indicators are more valid than the chro-
nological age for growth status of the individual.Acknowledgment
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